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I* * 

1. TITLE OF THE INVENTION 

Method of Forming Silicide 
[Summary] 

[Problem to be Solved] 

When a thin titanium silicide layer is formed on a 
narrow wiring region, narrowing of the wire occurs, 
causing agglomeration of the titanium silicide. This 
phenomenon makes it difficult to form a titanium silicide 
layer with low sheet resistance. 

[Solution] 

A method of forming silicide that involves forming 
silicon layers as source and drain regions 19 and 20 on 
silicon substrate 11, forming metal film 21 that reacts 
with the silicon on source and drain regions 19 and 20, 
and reacting source and drain regions 19 and 2 0 with metal 
film 21 to form silicide layers 22 and 23, in which 
silicon substrate 11 is thermally treated to remove 
contaminants, and the natural oxide film is simultaneously 
removed by sputter-etching the surface of source and drain 
regions 19 and 20 during heat treatment, after formation 
of source and drain regions 19 and 20 and immediately 
before the formation of metal film 21. 


2. WHAT IS CLAIMED 

1. A method of forming silicide, involving a process 
of forming a silicon layer on a substrate, a process of 
forming a metal film that reacts with said silicon layer 
on said silicon layer, and a process of reacting said 
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silicon layer with said metal film to form a silicide 
layer, being characterized by that said substrate is 
thermally treated and the surface of said silicon layer is 
simultaneously sputter-etched after formation of said 
silicon layer and immediately before the process of 
forming said metal film. 

2. A method of forming silicide, involving a process 
of forming a silicon layer on a substrate, a process of 
forming a metal film that reacts with said silicon layer 
on said silicon layer, and a process of reacting said 
silicon layer and said metal film to form a silicide layer, 
being characterized by that said silicon substrate is 
thermally treated and then the surface of said silicon 
layer is sputter-etched after formation of said silicon 
layer and immediately before the process of forming said 
metal film. 

3. A method of forming silicide, involving a process 
of forming a silicon layer on a substrate, a process of 
forming a metal film that reacts with said silicon layer 
on said silicon layer, and a process of reacting said 
silicon layer with said metal film to form a silicide 
layer, being characterized by that said silicon substrate 
is thermally treated and the surface of said silicon layer 
is simultaneously sputter-etched after formation of said 
silicon layer and immediately before the process of 
forming said metal film, and that said metal film is 
formed while said heat treatment is continued. 

4. A method of forming silicide, as defined in claim 1, 
being characterized by that said heat treatment is 
performed in a vacuum where the number of atom collisions 
per second is maintained at less than 2 x 10 13 /cm 2 before 
sputter-etching . 
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5. A method of forming silicide, as defined in claim 2, 
being characterized by that said heat treatment is 
performed in a vacuum where the number of atom collisions 
per second is maintained at less than 2 x 10 13 /cm 2 . 

6. A method of forming silicide, as defined in claim 3, 
• being characterized by that said heat treatment is 

performed in a vacuum where the number of atom collisions 
per second is maintained at less than 2 x 10 13 /cm 2 before 
sputter-etching . 

3 . DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Scope of Utilization in Industry] 

This invention relates to a method of forming silicide. . 

[0002] 
[Prior Art] 

As the miniaturization of elements progresses, the 
junction of diffusion layers of transistors becomes 
shallower. In addition, as gate lines become narrower, 
short-channel effects become more prominent, reducing the 
source-drain breakdown voltage if the diffusion layers are 
not shallow enough. Specifically, for a transistor in 
which the gate line is 0.2 5 Jim wide, the diffusion layers 
must be as shallow as 0.08 Jim. 

[0003] 

As the diffusion layers become shallower, the sheet 
resistance of the transistor source-drain increases, 
degrading the response speed of an element. Assuming a 
gate delay time of X pd, the operating frequency f is 
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related to 1/x pd; therefore, the operating frequency 
cannot be improved if the response speed is reduced. This 
is particularly disadvantageous for microprocessor units 
(MPU) , for which high-speed operation is required. As a 
solution to this problem, a salicide process is of great 
interest, where a low-resistance titanium silicide is 
selectively formed on sources and drains . 

[0004] 

The following describes a typical conventional method 
of forming titanium silicide. After a silicon substrate 
is treated with hydrofluoric acid (HF) to remove the 
natural oxide film, a titanium film is formed to a 
thickness of 50 nm on the entire surface by sputtering, 
for example. Then, the substrate is thermally treated to 
allow silicon in the silicon substrate to react with 
titanium in the titanium film, thus forming a titanium 
silicide layer (the first stage of heat treatment is 
carried out in a nitrogen atmosphere at 600°C, and the 
second stage of heat treatment is carried out in a 
nitrogen atmosphere at 800°C) . The above silicon 
substrate is then immersed in an ammonia-hydrogen peroxide 
solution, for example, to selectively etch and remove 
unreacted titanium film (not shown) . 

[0005] 

If an element is formed using the above example 
process, the resistance of the diffusion layer formed on 
the silicon substrate can be reduced by one order of 
magnitude compared to the resistance of a diffusion layer 
formed using the conventional process, in which titanium 
silicide is not formed. 

[0006] 

[Problems to be Solved by the Invention] 
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However, since the diffusion layer region is 
miniaturized along with miniaturization of the element, 
any titanium silicide formed on a narrow diffusion layer 
agglomerates, thus making it impossible to reduce the 
sheet resistance of the diffusion layer. At the same time, 
the silicide layer is required to be thinner along with 
the shallowing of the diffusion layer. However, a thin 
silicide layer makes it difficult to form stable titanium 
silicide." In other words, since titanium silicide 
normally agglomerates, the reduction of sheet resistance 
expected by silicide formation is less effective in the 
narrower region. Therefore, a technique for forming a 
thin silicide that does not agglomerate in a narrow region 
is necessary. 

[0007] 

As described above, the increase in sheet resistance 
caused by silicide layer thinning or silicide 
agglomeration occurs as a result of the following. 
Failure to completely remove the natural oxide film from 
the surface of the silicon substrate before the titanium 
film is deposited; exposing the silicon substrate to an 
oxidizing atmosphere after pre- treatment (normally using 
hydrofluoric acid) before titanium film deposition, which 
results in the formation of an uneven natural oxide film. 
Since heat treatment is performed for silicidation after 
the titanium film is formed under such conditions, the 
silicidation reaction progresses irregularly. It is 
considered that agglomeration of silicide is accelerated 
because the uneven silicide tends to recrystallize and 
stabilize during heat treatment after silicide formation. 

[0008] 

Reattachment of a natural oxide film can be prevented 
by performing in-situ pre- treatment using the sputtering 
system used for titanium film deposition before titanium 
film deposition. A specific method, in which an etching 
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system equipped with parallel plates is used for argon ion 
etching as pre- treatment , is proposed. However, this ion 
etching method requires 1 kV or greater accelerating 
voltage for argon ions in order to perform sputtering at 
sufficient power to remove the natural oxide film. Thus, 
argon ions are implanted with high energy, and the surface 
of the silicon substrate becomes rough. As a result of 
the rough surface, the later silicidation reaction becomes 
irregular and generates a high residual stress in the 
substrate, causing the silicide layers to peel partially. 
In addition, since the region where long gate wirings are 
provided is exposed to plasma during sputter-etching, the 
thin gate oxide film is damaged and broken by plasma 
exposure. Therefore, a silicide processes is required 
that does not increase the resistance as a result of the 
narrowing of wiring and maintains the desired junction 
leakage characteristics . 

[0009] 

[Means for Solving the Problem] 

This invention is a method of forming silicide as a 
solution to the above problems. Specifically, the first 
invention involves a process of forming a silicon layer on 
a substrate, a process of forming a metal film that reacts 
with the silicon. layer, and a process of reacting the 
silicon layer with the metal film to form a silicide layer, 
and solves the problems by thermally treating said 
substrate and simultaneously sputter-etching the surface 
of the silicon layer after formation of said silicon layer 
and immediately before the process of forming said metal 
film. 

[0010] 

In the first invention, where said substrate is 
thermally treated and the surface of the silicon layer is 
simultaneously sputter-etched after formation of said 



silicon layer and immediately before the process of 
forming said metal film, the adsorbed contaminants on the 
surface of the silicon layer, e.g., moisture and oxygen, 
are thoroughly removed by said heat treatment. Thin oxide 
films such as the natural oxide film are also removed by 
sputter-etching. In this case, if etching is set to a 
depth of 3 to 5 nm, for example, the surface of the 
silicide layer can be prevented from becoming rough. Such 
a clean condition for the top surface of the silicide 
layer allows the later silicidation reaction to progress 
regularly. As a result, agglomeration of silicide does 
not occur because the even silicide recrystallizes and 
stabilizes during heat treatment after silicide formation. 


[0011] 

The second invention is a method of forming silicide, 
which involves a process of forming a silicon layer on a 
substrate, a process of forming a metal film that reacts 
with the silicon layer, and a process of reacting the 
silicon layer with the metal film to form a silicide layer, 
and solves the problems by thermally treating said 
substrate and then sputter-etching the surface of the 
silicon layer after formation of said silicon layer and 
immediately before the process of forming said metal film. 

[0012] 

In the second invention, where said substrate is 
thermally treated and the surface of the silicon layer is 
then sputter-etched after formation of said silicon layer 
immediately before the process of forming said metal film, 
the adsorbed contaminants on the surface of the silicon 
layer, e.g., moisture and oxygen are thoroughly removed by 
said heat treatment. Thin oxide films such as the natural 
oxide film are also removed by sputter-etching. In this 
case, if etching is set to a depth of 3 to 5 nm, for 
example, the surface of the silicide layer can be 
prevented from becoming rough. Such a clean condition for 
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the top surface of the silicide layer allows the later 
silicidation reaction to progress regularly. As a result, 
agglomeration of silicide does not occur because the even 
silicide recrystallizes and stabilizes during heat 
treatment after silicide formation • 

[0013] 

The third invention is a method of forming silicide, 
which involves a process of forming a silicon layer on a 
substrate, a process of forming a metal film that reacts 
with the silicon layer, a process of reacting the silicon 
layer with the metal film to form a silicide layer, and 
solves the problems by thermally treating said substrate 
and simultaneously sputter-etching the surface of the 
silicon layer after formation of said silicon layer and 
immediately before the process of forming said metal film 
while said heat treatment is continued. 

[0014] 

In the third invention, where said substrate is 
thermally treated and the surface of the silicon layer is 
simultaneously sputter-etched after formation of said 
silicon layer and immediately before the process of 
forming said metal film, the adsorbed contaminants on the 
surface of the silicon layer, e.g., moisture and oxygen 
are thoroughly removed by said heat treatment. Thin oxide 
films such as the natural oxide film are also removed by 
sputter-etching. In this case, if etching is set to a 
depth of 3 to 5 nm, for example, the surface of the 
silicide layer can be prevented from becoming rough. Such 
a clean condition for the top surface of the silicide 
layer allows the later silicidation reaction to progress 
regularly. As a result, agglomeration of silicide does 
not occur because the even silicide recrystallizes and 
stabilizes during heat treatment after silicide formation* 
Also, since said metal film is formed while said heat 
treatment is continued immediately after said sputter- 


43 * 

etching, the silicon linkages on the top surface of the 
silicon layer are broken by the sputter-etching, and thus 
the silicidation reaction occurs simultaneously with metal 
film deposition in the region where metal and silicon are 
in contact. 

[0015] 

[Embodiment] 

The following describes the first embodiment using the 
first invention. In the first embodiment, adsorbed 
contaminants that can be removed relatively easily such as 
moisture and oxygen are removed by heat treatment at 150 
to 900°C, preferably between 300 and 400°C. 
Simultaneously, the top surface of the silicon layer, on 
which silicide layers are later formed, is etched to a 
depth of approximately 3 to 5 nm by inductively-coupled 
plasma (ICP) soft etching (sputter-etching) . The metal 
film (e.g., titanium film) for forming the silicide is 
then formed in-situ, resulting in the formation of the 
silicide layer . 

[0016] 

The following describes an application example, where 
the above process is applied to the method of fabricating 
MOS transistors, referring to figure 1, i.e., the 
fabrication process chart. 

[0017] 

As shown in figure 1(1), element separation areas 12 
are first formed on silicon substrate 11, and then gate 
insulation film 13 and gate wiring (also acting as a gate 
electrode) 14 are formed. Then, lightly doped drains 
(LDD) 15 and 16 are formed in the active areas of silicon 
substrate 11 on both sides of gate wiring 14 by ion 
implantation. Sidewall insulation films 17 and 18 are 
formed along the sides of gate wiring 14, and source and 
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drain regions 19 and 20 are formed in the active areas of 
silicon substrate 11 with intervening said ion-implanted 
LDDs 15 and 16. This forms MOS transistor 1. 

[0018] 

As shown in figure 1(2), the natural oxide film (not 
shown) in the active areas of silicon substrate 11 is 
removed by ICP soft etching. Simultaneously, the silicon 
substrate is heated at 300 to 400°C. Typical conditions 
for the above soft etching are: 

Etching gas: argon (Ar) , 10 seem (seem indicates the 

volume flow rate (cm^ /minute) at normal state), 

Pressure of etching atmosphere: 0.0 6 Pa, 

Vcd: 100 V, 

ICP power: 1 kW, 

Substrate temperature: 300°C 

As a result, the surface of silicon substrate 11 is etched 
to a depth of 3 to 5 nm of the silicon oxide film. Note 
that wet etching using diluted hydrofluoric acid may be 
inserted before the above ICP soft etching. 

[0019] 

Immediately after the above ICP soft etching procedure, 
metal film 21, which will become the silicide, is formed 
on the entire surface by sputtering. Here, silicon 
substrate 11 is prevented from being exposed to an 
oxidizing atmosphere at the transition from the process of 
ICP soft etching to the process of metal film 21 
deposition . 

Typical conditions for the film deposition are: 

Sputtering gas: argon (Ar) , 100 seem, 
Pressure of sputtering atmosphere: 0.47 Pa, 
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Power: 1 kW, 

Substrate temperature: 150 °C 

The titanium film is thus formed to a thickness of 30 nm 
as metal film 21. 

[0020] 

As shown in figure 1(3), RTA is then carried out as 
the first stage of heat treatment for the formation of 
silicide in order to react the silicon in silicon 
substrate 11 (source and drain regions 19 and 20) with 
titanium in metal film 21 (see figure 1(2)), thus forming 
the titanium silicide layers as silicide layers 22 and 23. 
Here, if gate wiring 14 is polycrystalline silicon, for 
example, silicide layer 24 is also formed on gate wiring 
14. 

Typical conditions for the heat treatment are: 

Heat treatment atmosphere: nitrogen (N 2 ), 5 dm 3 / minute, 
Heat treatment temperature: 650 °C, 
Heat treatment time: 3 0 seconds 

[0021] 

Silicon substrate 11 is then immersed in ammonia- 
hydrogen peroxide solution (NH3 + H 2 0 2 ) to selectively 
remove the unreacted metal film 21 (not shown) . Figure 
1(3) shows the state after the unreacted metal film 21 has 
been removed . 

[0022] 

RTA is further carried out as the second stage of heat 
treatment for forming a silicide layer. 

Typical conditions for the heat treatment are: 
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Heat treatment atmosphere: nitrogen (N2)/ 5 dm 3 / minute, 
Heat treatment temperature: 800°C, 
Heat treatment time: 3 0 seconds 

As a result, silicide layers 22 to 24 with the C49 crystal 
structure are modified to stable silicide layers with the 
C54 crystal structure. 

[0023] 

As shown in figure 1(4), interlayer insulation film 31 
of silicon oxide is then formed over MOS transistor 1 by 
CVD. Typical conditions for the deposition of interlayer 
insulation film 31 are: 

Deposition gas: tetraetoxysilane (TEOS) , 50 seem, 
Pressure of deposition atmosphere: 40 Pa, 
Substrate temperature: 720°C. 

Interlayer insulation film 31 is thus formed to a 
thickness of 600 nm. 

[0024] 

Subsequently, a resist film having a hole is formed on 
the area, on which a contact hole is later made, by 
standard lithography techniques (e.g., resist film 
formation by coating, exposure, development, and baking) . 
Contact hole 32 is then formed in interlayer insulation 
film 31 by etching using the above resist film as a mask. 
Typical conditions for the dry etching are: 

Etching gas: oc taf luorocyclobutane (C4F8) / 50 seem, 
RF power: 1.2 kW, 

Pressure of etching atmosphere: 2 Pa 

After that, the above etching mask is removed by ashing or 
washing, for example. 
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[0025] 

Next, wiring materials are formed. A titanium film 
and a titanium nitride film are deposited to form adhesion 
layer 41 by sputtering. Typical conditions for the 
sputtering are: 

Sputtering gas: argon (Ar) , 100 seem, 
Sputtering power: 8 kW, 
Substrate temperature: 150°C, 

Pressure of film deposition atmosphere: 0.47 Pa 
The titanium film is thus formed to a thickness of 10 nm. 
[0026] 

Subsequently, a titanium nitride film is formed by 
sputtering. Typical conditions for the sputtering are: 

Sputtering gas: argon, 40 seem; nitrogen, 2 seem, 
Pressure of film deposition atmosphere: 0.47 Pa 

The titanium nitride film is thus formed to a thickness of 
70 nm. 

[0027] 

Next, a tungsten film is formed by CVD. Typical 
conditions for the deposition of the tungsten film are: 

Reactant gas: argon, 2200 seem; nitrogen, 300 seem; 
hydrogen, 500 seem;, tungsten hexaf luoride , 75 seem, 
Temperature of film deposition atmosphere: 450°C, 
Pressure of film deposition atmosphere: 10.64 kPa 

The tungsten film is thus formed to a thickness of 400 nm. 
[0028] 
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Next, the above tungsten film is etched back. Typical 
conditions for the etching are: 

Etching gas: sulfur hexaf luoride , 50 seem 
RF power: 15 0 W, 

Pressure of etching atmosphere: 1.33 Pa 

Plug 42 of tungsten is thus formed inside contact hole 32 
by etching. 

[0029] 

A wiring layer consisting of titanium film 43 as an 
adhesion layer and aluminum film 44 as the major wiring 
material is then formed by sputtering, for example. 
Typical conditions for the sputtering are: 

Sputtering gas: argon, 100 seem, 
Sputtering power: 4 kW, 
Substrate temperature: 150°C / 

Pressure of film deposition atmosphere: 0.47 Pa 
Titanium film 43 is thus formed to a thickness of 30 nm. 
[0030] 

Next, aluminum film 44 is deposited by sputtering, for 
example. Typical conditions for the sputtering are: 

Sputtering gas: argon, 50 seem, 
Sputtering power: 22.5 kW, 
Substrate temperature: 150°C, 

Pressure of film deposition atmosphere: 0.47 Pa 
Aluminum film 44 is thus formed to a thickness of 0.5 ^lm. 
[0031] 
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Wiring 45 consisting of aluminum film 44 and titanium 
film 43 is formed, connecting to plug 42, by standard 
lithography and etching techniques. Typical conditions 
for the etching are: 

Etching gas: boron trichloride, 60 seem; chlorine, 90 seem, 
Microwave power: 1 kW, 
RF power: 50 W, 

Pressure of etching atmosphere: 0.016 Pa 
[0032] 

In the first invention, where silicon substrate 11 is 
thermally treated and the surface of silicon substrate 11 
is simultaneously sputter-etched after formation of source 
and drain regions 19 and 20 as silicon layers and 
immediately before the process of forming metal film 21, 
the adsorbed contaminants on the surface of silicon 
substrate 11, e.g., moisture and oxygen are thoroughly 
removed by said heat treatment. Thin oxide films such as 
the natural oxide film are also removed by sputter-etching 
(not shown) . In this case, if etching is set to a depth 
of 3 to 5 nm, for example, the surface of silicon 
substrate 11 can be prevented from becoming rough. Such a 
clean condition for the top surface of silicon substrate 
11 allows the later silicidation reaction to progress 
regularly. As a result, agglomeration of silicide does 
not occur because the even silicide recrystallizes and 
stabilizes during heat treatment after formation of 
silicide layers 22 to 24. 

[0033] 

The following describes the mechanism of the narrowing 
of silicide wiring, taking titanium silicide as an example. 
The narrowing effect can be attributed to the change in 
the crystal structure during titanium silicide formation. 
Titanium silicide generally takes on the C49 or C54 
crystal structure. The low-resistance stable C54 crystal 
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structure is considered to provide low- resistance stable 
silicide . 

[0034] 

The silicide (salicide) process usually involves two 
stages of heat treatment. The first stage of heat 
treatment, where a low temperature of approximately 650 °C 
is used, allows silicon to react with titanium thus 
forming titanium silicide with the C49 crystal structure. 
The unreacted titanium film is then selectively etched and 
removed from the silicon oxide film, after which the 
second stage of heat treatment at a high temperature of 
approximately 800°C is carried out to form titanium 
silicide with the C54 crystal structure to a thickness of 
several microns. The titanium silicide formed in this 
process agglomerates in narrow regions. This is 
considered to be caused by that the phase-change of 
microcrystals (0.1 |lm) in the C49 crystal structure to 
macrocrystals in the C54 crystal structure does not occur 
easily during the second stage of heat treatment at a high 
temperature. The number of C54 crystals nucleated during 
the first stage of heat treatment determines the number of 
C54 crystal structures formed during the second stage of 
heat treatment . 

[0035] 

The method of forming silicide described in the above 
embodiment accelerates nucleation of C54 crystals and 
phase-change from the titanium silicide with the C49 
crystal structure. Nucleation is promoted as follows: the 
adsorbed contaminants on the surface of silicon substrate 
11 are thoroughly removed by heat treatment, and thin 
oxide films such as natural oxide film are removed by ICP 
soft etching (sputter-etching) while preventing the 
surface of silicon substrate 11 from becoming rough. 
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[0036] 

By contrast, conventional sputter-etching involves 
deep etching to remove the natural oxide film that 
includes the adsorbed contaminants from the surface of the 
silicon substrate, thus generating an exceptionally rough 
surface on the silicon substrate, which in turn makes the 
later reaction between titanium and silicon irregular. In 
addition, since a large amount of argon is taken into the 
silicon substrate, silicidation is impeded. As a result, 
stable silicide with the C54 crystal structure cannot be 
formed on thin lines. However, in the method of forming 
silicide described based on the above embodiment, such a 
problem does not occur, thus allowing stable silicide with 
the C54 crystal structure to be formed on thin lines. 

[0037] 

Next, the change in the sheet resistance of titanium 
silicide with/without heat treatment is shown in figure 2 
in terms of the etching depth. In figure 2, the vertical 
axis indicates the sheet resistance of titanium silicide 
and the horizontal axis indicates the etching depth. The 
solid line indicates the resistance in the case with heat 
treatment for removing the adsorbed contaminants, and the 
dashed line indicates the resistance in the case without 
heat treatment . 

[0038] 

As shown in figure 2, in the case with heat treatment, 
the sheet resistance is low when the soft etching depth is 
approximately 3 to 5 nm. Conversely, in the case without 
heat treatment, the sheet resistance is higher than that 
in the case with heat treatment when the etching depth for 
the substrate surface is approximately 3 to 5 nm. 
Therefore, combining heat treatment and soft etching 
produces a silicide layer with a low sheet resistance. 
Note that when the surface of the silicon substrate is 
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removed such that the silicide layer becomes approximately 
30 run thick, the silicide layer tends to detach. 

[0039] 

The following describes the second embodiment using 
the second invention. In the second embodiment, adsorbed 
contaminants that can be removed relatively easily such as 
moisture and oxygen are removed by heat treatment at 150 
to 900°C, preferably between 300 and 400°C in a different 
chamber before soft etching. Subsequently, the silicon 
substrate is transferred and set into the soft etching 
chamber without exposure to an oxidizing atmosphere, e.g., 
it is transferred through a high vacuum. In the soft 
etching chamber, the top surface of the silicon substrate 
(silicon layer), on which silicide layers are later formed, 
is etched to a depth of approximately 3 to 5 nm by ICP 
soft etching (sputter-etching). The metal film (e.g., 
titanium film) for forming the silicide is then formed, 
resulting in the formation of the silicide layer. 

[0040] 

The following describes an application example, where 
the above process is applied to the method of fabricating 
MOS transistors. The second embodiment is identical to 
the first embodiment except for the conditions for the 
processes described in figure 1(2). Therefore, refer to 
figure 1(2). 

[0041] 

As shown in figure 1(2), the silicon substrate is 
thermally treated in the vacuum system (not shown) at 150 
to 900°C, preferably between 300 and 400°C. Subsequently, 
silicon substrate 11 is transferred to the ICP soft 
etching chamber (not shown) through a vacuum. The natural 
oxide film (not shown) on silicon substrate 11 is then 
removed by ICP soft etching. Typical conditions for the 
soft etching are: 
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Etching gas: argon (Ar) , 10 seem, 

Pressure of etching atmosphere: 0.06 Pa, 

Vcd: 100 V, 

ICP power: 1 kW, 

Substrate temperature: 300°C 

[0042] 

Immediately after the above ICP soft etching procedure, 
metal film 21 is formed on the entire surface of silicon 
substrate 11 by sputtering without exposing the substrate 
to an oxidizing atmosphere. Typical conditions for the 
film deposition are: 

Sputtering gas: argon (Ar) , 100 seem, 
Pressure of sputtering atmosphere: 0.47 Pa, 
Power: 1 kW, 

Substrate temperature: 150°C 

As a result, the titanium film is formed to a thickness of 
30 nm as metal film 21. 

[0043] 

RTA is then carried out as the first stage of heat 
treatment for the formation of silicide layer. Here, the 
titanium silicide layer takes on the C49 crystal structure. 
Typical conditions for the heat treatment are identical to 
those for the first embodiment. 

[0044] 

The substrate is then immersed in ammonia-hydrogen 
peroxide solution to selectively remove the unreacted 
titanium film. 

[0045] 
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RTA is further carried out as the second stage of heat 
treatment to stabilize the titanium silicide layer. 
Typical conditions for the heat treatment are: 

Heat treatment atmosphere: nitrogen (N2), 5 dm 3 / minute, 
Heat treatment temperature: 800°C, 
Heat treatment time: 3 0 seconds 

As a result, the C49 crystal structure is modified to the 
C54 crystal structure. 

[0046] 

The subsequent processes (following the processes 
described based on figure 1(3)) are identical to those of 
first embodiment. 

[0047] 

In the second invention, where silicon substrate 11 is 
thermally treated and the surface of silicon substrate 11 
is then ICP soft-etched after formation of source and 
drain regions 19 and 20 as silicon layers and immediately 
before the process of forming metal film 21, the adsorbed 
contaminants on the surface of silicon substrate 11, e.g., 
moisture and oxygen are thoroughly removed by said heat 
treatment. Thin oxide films such as the natural oxide 
film are also removed by sputter-etching (not shown) . In 
this case, if etching is set to a depth of 3 to 5 nm, for 
example, the surface of silicon substrate 11 can be 
prevented from becoming rough. Such a clean condition for 
the top surface of silicon substrate 11 allows the later 
silicidation reaction to progress regularly. As a result, 
agglomeration of silicide does not occur because the even 
silicide recrystallizes and stabilizes during heat 
treatment after formation of silicide layers 22 to 24. 


[0048] 


The following describes the third embodiment using the 
third invention. In the third embodiment, adsorbed 
contaminants that can be removed relatively easily such as 
moisture and oxygen are removed by heat treatment at 150 
to 900°C, preferably at a temperature that allows a 
silicide layer to form. Simultaneously, the top surface 
of the silicon layer, on which silicide layers are later 
formed, is etched to a depth of approximately 3 to 5 run by 
ICP soft etching (sputter-etching) . Simultaneously, the 
silicon linkages on the top surface are broken. While the 
above heat treatment is continued, the metal film (e.g., 
titanium film) for forming the silicide is then formed in- 
situ. During this process, the siilcidation reaction 
between the metal in the metal film and the silicon in the 
silicon layer also progresses. 

[0049] 

The following describes an application example, where 
the above process is applied to the method of fabricating 
MOS transistors. The third embodiment is identical to the 
first embodiment except for the conditions for the 
processes described in figure 1(2). Therefore, refer to 
figure 1(2) . Note that cobalt is used for metal film 21 
instead of titanium. 

[0050] 

As shown in figure 1(2), the first stage of heat treat 
is carried out. The appropriate temperature for the heat 
treat here should be high enough to allow cobalt silicide 
to be formed (e.g., 550°C) , while considering that a 
cobalt film is deposited as metal film 21 to form later 
cobalt silicide (CoSi2>. Typical conditions for the heat 

treatment are: 

Pressure of heat treatment atmosphere: 0.0 6 Pa, 
Heat treatment temperature: 550°C 
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[0051] 

Subsequently, natural oxide film is removed during the 
above heat treatment by ICP soft etching. The etching 
depth for the ICP soft etching is 3 to 5 nm. Typical 
conditions for the soft etching are: 

Etching gas: argon (Ar) , 10 seem, 

Pressure of etching atmosphere: 0.06 Pa, 

Vcd: 100 V, 

ICP power: 1 kW, 

Substrate temperature: 5 50°C 

[0052] 

Immediately after the above ICP soft etching procedure, 
metal film 21 is formed on the entire surface of silicon 
substrate 11 by sputtering without exposing the substrate 
to an oxidizing atmosphere. Typical conditions for the 
film deposition are: 

Sputtiering gas: argon (Ar) , 100 seem, 
Pressure of sputtering atmosphere: 0.47 Pa, 
Power: 1 kW, 

Substrate temperature: 5 50°C 

As a result, a cobalt film is thus formed to a thickness 
of 30 nm as metal film 21. Since the substrate 
temperature is 550°C during the above film deposition 
process, cobalt silicide layers 52 to 54 are formed 
simultaneously with the film deposition on source and 
drain regions 19 and 2 0 and gate wiring 14, as shown in 
figure 3 . 

[0053] 

The substrate is then immersed in sulfuric acid-hydrogen 
peroxide solution to selectively remove the unreacted 
portion of the cobalt film. 
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[0054] 

RTA is further carried out as the second stage of heat 
treatment to stabilize the titanium silicide layer. 
Typical conditions for the heat treatment are: 

Heat treatment atmosphere: nitrogen (N2)/ 5 dm 3 / minute, 
Heat treatment temperature: 800°C / 
Heat treatment time: 30 seconds 

[0055] 

The subsequent processes (following the processes 
described based on figure 1(3)) are identical to those of 
first embodiment. 

[0056] 

In the third invention, where silicon substrate 11 is 
thermally treated and the surface of source and drain 
regions 19 and 20 is simultaneously ICP soft-etched 
(sputter-etched) after formation of source and drain 
regions 19 and 2 0 as silicon layers and immediately before 
the process of forming metal film 21, the adsorbed 
contaminants on the surface of source and drain regions 19 
and 20, e.g., moisture and oxygen, are thoroughly removed 
by the above heat treatment. Thin oxide film such as the 
natural oxide film is also removed by sputter-etching. In 
this case, if etching is set to a depth of 3 to 5 run, for 
example, the surface of later- formed silicide layers can 
be prevented from becoming rough. Such a clean condition 
for the top surface of the silicon layers allows the later 
silicidation reaction to progress regularly. As a result, 
agglomeration of silicide does not occur because the even 
silicide recrystallizes and stabilizes during heat 
treatment after silicide formation. Also, since metal 
film 21 is formed while said heat treatment is continued 
immediately after said soft etching, the soft etching 
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breaks the silicon linkages on the top surface of the 
silicon layer, and thus the silicidation reaction occurs 
simultaneously with the deposition of metal film 21 in the 
region where metal and the silicon are in contact. 

[0057] 

The following describes the fourth embodiment. In the 
fourth embodiment, adsorbed contaminants are desorbed by 
thermally treating the silicon substrate in a high vacuum. 
In other words, when the surface of the silicon substrate 
is thermally treated in a high vacuum, lattice vibration 
increases on the surface, increasing the kinetic energy of 
vibration higher than the atom's adsorption power. As a 
result, the vibration of the adsorbed atoms also increases 
causing desorption. Conversely, when heat treatment is 
conducted in a low vacuum, atoms in the atmosphere collide 
and re-adsorb onto the substrate. For example, the number 
of molecules with molecular weight M that collide against 
the surface area of 1 cm 2 at temperature T (K) under an 
atmosphere of pressure P (Pa) every second is defined as N 
= 3.85 x 10 24 P (MT) _1/2 cm -2 s~2 . For example, 3 x 10 14 
atoms collide against a surface area of 1 cm 2 every second 
at room temperature when P = 0.133 mPa. As these 
collisions may result in re-adsorption, heat treatment 
should be conducted in a high vacuum in order to prevent 
re-adsorption . 

[0058] 

Since there are 10^5 atoms per cm 2 in the first atomic 
layer, a monoatomic layer covers the surface of the 
silicon substrate every three seconds in the above example 
Considering that the heat treatment time is approximately 
60 seconds, the substrate must be thermally treated under 
vacuum conditions that ensure that a monoatomic layer of 
contaminants does not form in this time. Specifically, 
heat treatment should be carried out in a vacuum that 
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maintains the number of atom collisions per second at 
approximately 2 x 10 13 /cm 2 or fewer. Subsequently, the 
top surface of the silicon layer, on which silicide layers 
are later formed, is etched to a depth of approximately 3 
to 5 run by ICP soft etching. 

[0059] 

The following describes an application example, where 
the above process is applied to the method of fabricating 
MOS transistors. The fourth embodiment is identical to 
the first embodiment except for the conditions for the 
processes described in figure 1(2). Therefore, refer to 
figure 1(2). 

[0060] 

The heat treat is carried out in vacuum. Typical 
conditions for the heat treatment are: 

Pressure of heat treatment atmosphere: 10 |iPa, 
Heat treatment temperature: 400°C 

[0061] 

Subsequently, natural oxide film is removed during the 
above heat treatment by ICP soft etching. Typical 
conditions for the soft etching are: 

Etching gas: argon (Ar) , 10 seem, 

Pressure of etching atmosphere: 0.0 6 Pa, 

Vcd: 100 V, 

ICP power: 1 kW, 

Substrate temperature: 400°C 

The surface of silicon substrate 11 (source and drain 
regions 19 and 20) is then etched to a depth of 3 to 5 nm. 
Note that the above heat treatment is carried out at 150 
to 900°C, preferably between 300 and 400°C. 
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[0062] 

Immediately after the above ICP soft etching procedure, 
metal film 21 is formed on the entire surface of silicon 
substrate 11 by sputtering without exposing the substrate 
to an oxidizing atmosphere. Typical conditions for the 
film deposition are: 

Sputtering gas: argon (Ar) ; 100 seem, 
Pressure of sputtering atmosphere: 0.47 Pa, 
Power: 1 kW, 

Substrate temperature: 150°C 

As a result, titanium film is thus formed to a thickness 
of 30 nm as metal film 21. 

[0063] 

RTA is then carried out as the first stage of heat 
treatment to form the titanium silicide layers as silicide 
layers 22 to 24. Here, the titanium silicide layer takes 
on the C49 crystal structure. Typical conditions for the 
heat treatment are: 

Heat treatment atmosphere: nitrogen, 5 dm^/ minute, 
Heat treatment temperature: 650°C / 
Heat treatment time: 30 seconds 

[0064] 

The substrate is then immersed in ammonia -hydrogen 
peroxide solution to selectively remove the unreacted 
titanium film. 

[0065] 

RTA is further carried out as the second stage of heat 
treatment to stabilize the titanium silicide layers as 
silicide layers 22 to 24. That is, the titanium silicide 
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layers are modified to C54 crystals. Typical conditions 
for the heat treatment are : 

Heat treatment atmosphere: nitrogen, 5 dm 3 / minute, 
Heat treatment temperature: 800°C, 
Heat treatment time: 30 seconds 

[0066] 

The subsequent processes (following the processes 
described based on figure 1(3)) are identical to those of 
first embodiment. 

[0067] 

In the fourth invention, where heat treatment is 
performed in a high vacuum before soft etching, the 
collision contaminants are less likely to re-adsorb, thus 
generating no adsorbed contaminants in the monoatomic 
layer. This makes it possible to remove the adsorbed 
contaminants sufficiently. 

[0068] 

The methods of forming silicide layers, which are 
described above based on the embodiments, can be achieved 
by slightly modifying the conventional process. Therefore, 
stable silicide layers can be formed without a significant 
increase in LSI fabrication cost. The stable silicide 
layers eliminate the effect of silicide wiring narrowing, 
thus improving the heat resistance of the silicide layers 
and process margin. Since stable silicide layers can be 
formed using a simple process, deterioration of 
fabrication yield is prevented. 

[0069] 

Moreover, in the above-described embodiments, it is 
not necessary to set projected range Rp so as to implant 
silicon ions at the interface between the silicon 
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substrate and the metal film to induce interaction at the 
interface in order to destroy and eliminate the natural 
oxide film formed on the interface between the silicon 
substrate and the metal film. Therefore, since the 
silicon substrate is free from damage caused by ion 
implantation, junction leakage will not deteriorate. In 
practice, when titanium silicide film is formed by the 
above silicon ion implantation after the titanium film is 
formed, junction leakage deteriorates by an order of 
magnitude despite the sheet resistance of the titanium 
silicide film on the 0.45 (im-wide region being as low as 
approximately 3 Q/square. 

[0070] • 
. .. Although ICP soft etching is used -as sputter-etching 
for removing .natural oxide film in 'the above-described 
embodiments,, the . triode etching system or electron 
cyclotron resonance - (ECR) etching system, for example, may 
also be used. Although metal film is deposited by 
sputtering in the above embodiments, CVD or evaporation, 
for example, may also be used. The methods of forming 
silicide using these inventions are also applicable to the 
formation of metal silicide such as tantalum (Ta) , gold 
(Au), palladium (Pd) , nickel" (Ni), tungsten (W) , 
molybdenum (Mo), platinum (Pt), zirconium (Zr) , and 
hafnium (H) , in addition to titanium silicide or cobalt 
silicide. In this case, the appropriate metal film should 
be formed for the corresponding metal silicide. Although 
these inventions are applied to the method of fabricating 
MOS transistors in the above embodiments, they may also be 
applicable to the methods of forming metal silicide for 
other elements or wirings. 

[0071] 

[Advantages of the Invention] 
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As described above, this invention removes the 
contaminants from the silicon layer during heat treatment 
at the same time or prior to sputter-etching. The natural 
oxide film can also be removed from the silicon layer by 
sputter-etching, and thus the metal film for forming 
silicide layers can be formed on a clean silicon layer. 
This allows stable thin silicide layers to be formed on 
narrow areas without causing the wiring to narrow. As a 
result, even if the LSI design rule is modified for a 
smaller size, the resistance of the area on which silicide 
layers are formed, e.g., the resistance of the source and 
drain regions, can be reduced, thus improving the LSI 
response speed . 
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4. BRIEF DESCRIPTION OF THE DRAWINGS 


[Figure 1] 

Fabrication process charts of the first embodiment 
using this invention . 

[Figure 2] 

A figure indicating the relationship between the sheet 
resistance and etching depth. 

[Figure 3] 

A figure for illustrating the third embodiment. 


[Numerics in Figures] 

11 : silicon substrate 

19, 20: source and drain regions 

21: metal film 

22, 23: silicide layer 
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20 LTf^>->'J^ K®*^J5£f So d©i:£, f-Y 

ski 4*«mtf*ig«S''j3>'r»«**iTv^»& 

25 $$Ul#ffiJ«, : ASK (N, ) ;5dm 3 /min, 

mmms. : 6 5 o-c, 

?MUm#RS : 3 0 s 

tC^£bfco 

[0 0 2 1] *&fc±E$' , ;:2>attRl l^TV^E-T 
30 jfl* (NHj +H, O, ) tS»bX*^S^«M2 

1 imm^m *mism\cmik\stz 0 c©®© (3) -c- 

[0 0 2 2] $e.JC, S^Ut*--f Kil*BfiK-r5*:»©» 

2 ^©IS&iQa i: b T R T A £f? -5 . 

35 ^(Dmummmt, -mti^r. 

mummm^. ■. mm (n,) ; sdm'/min, 
rnummt 8 o o-c, 
fftioamsiig :30s 

£fflS£bfc 0 Z<Dmm. C4 9^S«3i©^U-9-'f kji 
40 2 2~2 4liC 5 4i^SMit©?e^bfe^^>i'';-y-^ 

[0023] jfcciai© (4) c^-r«tac, cvds 

tCtot, ±I3M0S h7>^^ 1 &m5#mKMfo 

^•jn>»^«*ninfiiiBi3 i^fiS-rs. ±f3sra 

45 &IS£I3 l©fi£ffilfe^tt, -0!li:bT, 

figM^ : ^b^3ib4r^'>^> (TEOS) ;5 0s 
c cm, 

fi&JBI#fflJa©EE:& : 4 0 P a, 
7 2 0*C 

50 CSSLt, IHiiiaitfeOOnmfflfSCi&S 


X/" 

[0 0 24] |^UT»m© «J V^7-f -ft* (09^. 
l/Stthf&fffcJ^i/S^MK©*^ «3& Si 

JBIMMUR 3 1 CftgBL 3 2 £ © fc S© F 

7 y*m*. -^tbt, 

^v?->##x :*2#y)i*uis>7u7#y (c, F 

, ) ; 5 0 s c c m> 

RF^7- : 1. 2kW 

j-v f->^§m^l/DEEti : 2 P a, 

[0 0 2 5] &V^'CEiBtt*Ltil$J&'*"«. i-Tx 

J*/W* U >PUX : 7)\s3ls ; lOOsccm, 
j^/W^?— : 8 kW, 
*teiaj[ : 1 5 0 *C, 

mmmm^oB* •. o. 4 7Pa, 

fcffiSgbfc. *LX?-*>m*l OnmCJPSCfigBtb 
[0 0 2 6] fii\,^XWv*V>r<£&iXm<br*> 
T, 

7.)\y$V : 7)U3> ; 4 0 s c cmfcgfS ; 

2 0 s c c m N 

£Kifia©ff*: 0. 4 7Pa, 

JCaSSSbfc. *UTafc^*>K*7 0nm<Z>J*3Cj8 

[0 0 2 7]^tCVDgiCiot, ^>^^>K 

SlSif^ : 7)V3> ; 2200sccnu ; 3 0 0 
seem. ftM ; 5 0 0 s c cmiiiVA^ s/fls* >^ 
, ^r> ; 7 5 s c c m, 
JjgKSH^ffliSS : 4 5 O'C, 
■ Ji£J&#B^©ff;tJ : 10. 6 4kPa, 

[ 0 0 2 8 ] ±«*>^5 l >Rft3H'^t» 
£©***■/* w^ftfttt* — 034: bT, 
x-vntPUX : A7yfl5-f : 50sccm, 
R-Fy^7— : 15 0W, 
x.y*->4r&m9K/DB&3 : 1 . 3 3 P a, 
iej$3£bfc. MxyfMsr^CioT, SM?L3 2© 
rtS5tC^>^7 1 >*e.'SS7'^^4 2*JBfi£bfc. 

[0029] -e©&, ^ax.K^^^yi";>^fcio-c, 
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^A14 4 4:i 1 £&5EigiUtl&J&Ji£3~£o c<DMv* 
UV^jfcfFtt, -0U4:bT, 
*K*>9 'J V^tf* : T;i/=f> ; 1 0 0 s c cm, 
05 *>^y*^ , 7— : 4 kW, 
1 5 0°C, 
JSKJS#H^©£E* : 0. 4 7Pa, 
fcl35£b&. -ebT5 L ^>M4 3 43 OnmCff^tJSK 
ILL 

10 [0 0 3 0] S?,!:««^'^'J>^iot 1 7* 
;i/3=>>Afflt4 4&j&K-*-S 0 £©*7t«5>* 'J >jr&ft 
tt, -084: bt\ 

7>rtv# U >#i}X : ; 50sccm, 

y^y*^?— : 2 2. 5kW, 

15 atsias : 1 5 0°C, 

fi£JS#H^©E^j: 0. 4 7Pa, 

CS^Ufc. ■fbt7;Kz^AI4 4S0. 5/im© 

[003 1]-fOt, U Wyy-i— taffit-^vT-^y 
20 "ftMffcCJloT, 77^4 2K:ljM«-J-i*©Tf, TVI/S 
= *AR4 >JS4 3*»t,«:-5BEi^4 5 

S. d©^^5">^^{±, — 084: bT, 
^iff->ifiJ7. : 3a<b*«>SR ; 6 0 s c cmi:!^ ; 
9 0 s c c m, 
25 v-f ^oSE/ty— : 1 kW, 
RF/<7- : 5 0W, 

aiy^->^»H*W)£E* : 0 . 0 1 6 P a, 

[0032] ±e» i msmmxn. ±e^ u =» >«s 

30 1 lfcS'UnVSi^av— * • KWVfiU&l 9, 2 

o fcj&«b&«-e±ia*«K2 1 *Bamma>mia 
©iKwauitfKis/unvaiEi lc^as*^^^ 

flsil©J:S&»v«<bBl (0*«BS) fcRtessna. * 

©BP, ^y^>^££0S£K3nm~5nm4:?-S;r 
4:T\ ->Ua>Sfil l©Sa*s^L5r4:*B)5<*C4: 
40 C©J:dfcS/'J 3 >«R1 l©**iB#flJ» 

ftttiCSSCtCiot, ^©«©^Utf^ Fflsfi* 

**is-caff-r*. -e©^*4:b-c, s^uim f«2 2 
-2 4 Lfe»©iiMea-eJs-3a:s/ u^^f F#we 

45 ''^ 

[0 0 3 3] CCfi'Ut'f -K©fm»jR©j(*;2XA 
4:bT, ^■^>^U-9-'f H^JcbTBiWrs. Sffl^J 
*©^H{ctt, ^>^<J*'f K©JB^{c4:t»fe-5^S 
^b36Sfel/e>tlS. ^VS^'JIf-f KttHB«C, C4 
50 9^«jg*5«tl?C 5 4^ffi«jt©2«a3!)S#«-rSo 


- 5 - 


i 
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z<Do%m&ifiT'&&istic 5 mmx 
gj^bfe^'j+M vt%z.t>tix^Zo 

[0 0 3 4] K^D-fe^ (+J-'JtM Krn-fe 

tt, ®1St2Sra©f?&^£fTdC:fc^>U1M H£ 

mmi-Zo m i ©Rifflii&ayifciu 6 5 o-cm&ommm. 

il©^* >>>Ut-f K # JfJjS;* n £ o *a>&. mt 'J 
n >ffiLt©*KJSfc^* >K*3S?Wtc^ y ^ >$r bT 
BfofeU ifeV^T-SZSPSCD^HOiSffcS 8 0 0°Cf§g© 
iSMISHStSCio-C^ &//m|Ig©C5 4*gil#tjg©?- 

C4 9J£il«&©«fcSia (0. I um) &C5 4&m 

$dmc^ < fj*. sb 2 mmommx- c 5 4 
Atii*^ < * u s&»^icfc o t v s o 

[003 5] _t IB^SSJK^-e S£B^ bfe-> 'J KCDJ^fiK 
7ji£fc3u C 4 9 SSIHStii©^* >i/'J^K$C5 4e 

RjlECbTV^o -T*t)'*>x «0fcfiS;£ff-5-i:£b^< 

-t^^mt b-rtt, ^iwjLatis^unvatgi i©ai 

H©lK«JS^©^±:*S^*ffV\ ipo ICPV7h 

<to*^b^©^s^un>a«i i6>«ia«%*i& 

[0 0 3 6] ^©^'V^^V^T-fet, at 

bT->'J n >S«©^a±*t,iS^^*^tf)Tg^ 
{bMfcRfcibT^ ^ u s >lfcfi<D«B5fihtf« 
£b<£b\ ■€©«©?■* 'J 3 >i;©K/iS*^i& 

<m*)&tftziib, *<db®x->vim Mtwmmtsnx 

^5. |g*i:bT, »gBC^bfcC5 4^S«jg© 
±IBHfifi^ffi-eSiWbfc^U-9-'f K«WBJ*#8rCtt» ± 

§3R3Sfci:£bfcv^«>, *misa5tc^bfcC5 4igffi^ 

St©->U1^ 3. 
[0 0 3 7] *(C^.y?->^gg$i3iimi!LS*MEM 

[0 0 3 8] @2C^f <t-5JC, 3nm~5nmSSO 
fiSIfflx-yf 3 nm~5 nmigt-S5 


05 oT, *>U3>S«©3l®£3 0 nmgfi©JP££Bfc3c 
bT^'JIM KSSrBfiSbfe^icH:, >>'J^-fKlO 
5iJ#il#$g£bfco 

[0 0 3 9] K£lg2©^K&bSfi86iyBi£Si§2H 
SEJ&JStbT. WTtii^-r-S. C©fg2SiSaM-C- 

10 fct> V7 hac^^ L >^^fi : -5H>it:S'J©^^ W?T*Jt®fi<J 
£^KBfc2sBlifcfczfc9\ K»^©l!S«fiE^{±, 1 5 0-C 
~9 0 0*CgM, ffl*b<&3 0 0°C~4 0 0-CgS© 

mm^mxx^-r^. ^©^u^sffis^ws 

15 UtV7 hx-^V^-VWUriRlflU -?©(fei c 

U1M KS^J^b«toi:-r5i'Ur3>g« (<>Un> 
ffl) ©aatfflSP£3 nm~5 nmifiOf SCUlSt 
5. ^©«t ^'Jif-f K£ffiJj£-r&fc«>©£gffil 
20 Sr^figbfe^, S'UIM KJB©£j*ftfr 

do 

[0 0 4 0] *{C±IB7*D-fe^^M0S h-^>^x*© 

sfi^^iiBUiBs i © ( 2 ) xmn bt^ i msmmnm 

25 W©*^SMbfc^J5K*at-fe5o bfc*s-oT N HBtt 

Miasi© (2) ^MbTiigfe^,, 

[0041] @1© (2) K^tiaC, (0 
^«B§) F«3T->U=3>Wgl KDmSM^n^o ~©i: 
^©llftiltSligfiB:, 1 5 0°C~ 9 0 0 °CSS, I*L< 
30 »3 0 0°C~4 0 O-CSStClS^bfco -e©«. ^>U3 
>*«1 IS I CPV7 bi«v^->^Sfi : d5 : -i'>>'^ 

Jgfig^n-CV^Sg^b)^ (E^*BS) ©Rfc££fr5o 
35 ±?3V 7 hx-vfv^ftlt ~mt bTs 

xy?>^7 : 7 , ;b^> (Ar) ; lOsc cnu 

^^^>^#H^,©ff?3 : 0. 0 6Pa, 

Vcd: 10 0V, 

I : 1 kW, 

40 ■ 3 0 0*C 

[0042] ^©«^c, ±§a*> u 3 >s« 1 1 &mit 

^:Ht^JlM2 l£ff£j5£bfco C©fiE^fe(m. — fi?Gii 
45 bTs 

^KvtVyVUT, : 7J\s3> (Ar) ; lOOscc 
m, 

^^^^U>y#H^©£E73 : 0. 4 7Pa, 
y^y— : 1 kW, 
50 1 5 0*C 
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[0 0 4 3] ^©^lsmosanafcLTRTASs 

[0 0 4 4] 2£fc;r>^-7'a*£ilfflbT*SJ56;& 
[0 0 4 5] S&K£2MV©*Maa£lTRTA£fT 

fSM&S^BJs. : SfS (N, ) ;5dm'/mi n, 

mmmrn. ■. soo*c, 

gMOamSH :30s 

fc«Jfcbfc. *<D|gjR, C4 9l6ati:C5 4tSBfcfco 

[0 0 4 6] «P$©x*l CSufBEl© (3) T-fittH^bfc 

[0047] ±b» 2 mmmx- uu ±bs/ u n 

1 ltci/U3>JSi:&av— ^ • Fl"f >«*S1 9, 2 
0«£bfc«-C-±iB&JS£l2 1 ^fig-rsxgCDiSmi 
±88^ U 3 1 1 fcJKtOH&lfiLfcfL -> >J 3 
>»8l l©Sffl4ICPV7hxyf>^t3c:j:i> 

g fc*^ * «fc o T BftOMbJR© £ 3 ft* 

VtflMbJK (Hct4IM) £Mt££ti«. *©Mk *»^> 
^^*0>Jili3nm~5nmi:-r?.^fc-e, S"Un> 
Sffil lfflSlB#mft£C:t£B§<*C:i:#T-g3. CCD 
<fc a fc U n >»£ l 1 0ft*B*flt»&ttnfi: & « c 

5o l/t* S/U*-f YM2 2~24££j£b 

5 fctoC > y tM F ©M£tt*B£ bfc v^„ 
[0 0 4 8] K£ga©*HlCfllfcS3araiRft*3% 
JBBJBfcbT* BlTtttW-Tft. £3£M0£JB-Ctt* Jt 
«WSSCI»*WIB&*c^ «**ff©«aM6flik 1 5 
0°C~9 0 O'CSft, i*b<ttJ''J^ l«#4«*n 
4J;-5ft««0«W!a*iSbTI8»*f *. H»C, IC 
P V7 Yx-vf-yV 

£3nm~5nm|Ig©JP;*tcBft*-r3o IHIRtftSH 
libT,.^t><9>3 i n-s itutJ'Ut'f KSJEdEt" 

[0 0 4 9] ift(c:±t37 , D-fe^S:MOS h^>2>**© 


5fiB«ttH«i3S 1 © (2) T-Bi^bfc^lSUfBB^Clfe 
mi<D (2) ft#HRl/rmSfcH. fc43x ^SJS2 1 C 

05 [0 0 5 0] UiBBl© (2) fc^f i5C SB1SM 

©^0JS*ffd o -©^LSfflaKtt, ^HI2 li;b 
T^'WhRSJ^LTtfta^'Wh^yiM K (Co 
Si,) SMSt57D-b^^#HT, 3^t;l/h-> 
'J+M F#£^3*x£gfi©i&g (03*. £5 5 0'C) t 
10 tS. coftMOJl&m*. -tfafcbT, 
^SWaS^H^CEETJ : 0 . 0 6 P a, 

mtammm.: 5 5o-c, 

[0 0 5 1] &tv?±ffiHMQa(f>t:l CPV7 hivf 
15 i«»fbM©»*ftfTa. ±BV7hai 

^^>^Cj3lt5^-v^>^gg^{±3 nm~5 nmfcb 

: 7;i/=T> ; 10sccm« 
x-v?-l>Vmm%OE.tl : 0. 06Pa, 
20 Vcd: 100V, 

I CP/t7- : 1 kW, 

mmmm : 5 5 o°c 
ice^bfco 

[0 0 5 2] ^©iS^fc, ±&is y 3 >stg 1 1 «Kfb 

25 tt*HJwcs6-r£fc*i<» y>^*fraT» 

±mizimm2 c©fiej^m±, -^jt 

bT, 

*My*y >?i}X : ; 1 0 0 s c cm, 

*^y*»J>^#Btl©ff?j: 0. 4 7 Pa, 
30 ^"7— : 1 kW, 
mWLMS. : 5 5 0'C 

fClSSigbfc. *<D$gm, ^112 lfcbT3M/l/hJRft 
3 0nm©iP$C^figbfeo £©J&]glT-B:> asmS^ 
5 5 0•C{c:)5:•^TV^afflT^ 03tgn-5C, iKMi: 
35 IbIB$£> V-^ • KW>*«1 9, 2 0±:fc«fcl^7 , - 
hEi^i 4±{cnM;i/h^u-y--f pjg5 2~5 4*JBfi£ 

[0 0 5 3] £ &fcaHabkC»»LT*fifcJ&::i-ft;u 

40 [0 0 5 4] $5,{c^2|fi!|ii©ll!li!!ai:bTRTA4ff 

mm%mf«,:mM (N,) ;5dmVmin, 
IMLSigg: 8 0 0^ 
45 8t4ayil$B :30s 
tctS^bfco 

[ o o 5 5 ] mi$©xfi mum 1 © ( 3 ) x-mw b^ 

«l«W>XBD ±i3»l*JSJB®T-BftWbfc©i:|5l« 
50 [0 0 5 6] ±Sg3£ffl£arvtiU S'Un^lHSl 1 
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t^'j3>/ih^5±i3v-^ • huw >mmi 9, 2 

ic, ±K^U3>fflgl l£8«aS£S£?-i:i:&fc:, - 
©8tfaUIc|>«CV-* • 9, 20©^H£ 

9, 2 0©3*iB©i»;&f&»\ ^fcfcifcJH'MfBtf^K 

S5$^(f3nm~5nmi:tSii:^ *©&fcfl£ 

fc#-e§5, £©£5C^y3>JB©S&9#ffl»&R 

chic J: -3 *©&©*> U HbSJ&tfiQ 
-C«ff-r*. ^©i!S*i:bT^ S/UtM Kj£jftK©fR 

^u-y--n»©wii±«ssu«:v'». ££>fc;r©?»iifus£i8 

«l/Si#6±Ey7 h^>yf=->y©ig^{c:±fB^JBM2 
1 ±I3V7 bx^>^-C->p 

>s©«aH2B©^ u -a vis^aa*** *u &is«& 2 
1 ©antra t scttffliiii'U 3 >st©seMgi5-e^ 

UiM FfbSfStf^JlBI 2 l©«Ki:HIB*fc3BfT-*-*. 
[0 0 5 7] *CfM%MBBJB©-fl*Kill!*-S. £© 

SB 4 SSflSJgfgfciu ISWQSSH^S T- § S « ttKH^ttJg 
{c LT-. S' 'J 3 >»R©«Kft±»**. itt*JEft£-ftJK 

ftjB©tt?Slb#*iU SW!aSbTV^7J<fc!)*g 

*si&©a«i^^jv^-*ffs. msm^n 

bTHBW*-*. E£P (Pa) ©#HMt- 1 

cm>©XBC&KT (K) -?&?*M©jHWtt8* 
Sg-TS&NHU N=3. 8 5xi'0"P (MT) -"'c 
m-'s-^&ft. 09A.KP = O. 13 3mPa, iM 
JBT 1 cm' C«#3 x 1 0 I4 <@fflll^»^5Ci: 
C&5„ coS^^ffAnftttt-SqTfl&tttffeS© 
T% |||WWJtCttT*5«tt*Jlffl*aiBTHIWBa*ff 

[0 0 5 8] SfcK?£lJ|fc:ttl 0 ls ffl/cm ! ©JS 
^#£•5 d i:«fc iK ±§30JT-tt 3tM8fc*flM*«5' >J 

BH£l/Ctt6 O&gflEfe©-?* COttHncWHI 

©ftwiterajasifrfcv^g*©*^^*^**^ 
^k#.fiasc3fe5. t*fc^ i»iBfc2xio»ffle 

KfilT©*r£B?*ttft'C S Sft^ST-IStJaiS&SE-e-H 
iv>„ ffiv^T, ICPV7hxyf->yicj:-o^ 

KJiftJBdibJ;^i:-r*S' , J3>ii©«3i{Bffl*3 
n m~ 5 n mgfi©J?S «c Hfcif £ « 
[0 0 5 9] &£±!3:7'n-fe;*£MOS >£>;**© 


aB&fllttfiilffiBIl© (2) T^bfcgl?IMffi$JB©ft 
© (2) fctWHUTfllSfcV*. 

[0060] fwoai*nffltt»T?ff ^. ccaMna&f* 

05 tt, -09fcbT, 

^M0a#Hg,©EE7J : 10nPa, 
fSfcgUIi&g : 4 0 0 "C, 
{cK5£bfc 0 

[0 0 6 1] &Vv?±|B!IM!aif>£ICPv'7 h:c?7- 
10 >yCioT, g«Mfljlt©Nfeie&ff do ±I3V7 hx 

^.y^st/iSX. : r;i/3"> ; 10sc cm, 
x-v*->#*m9lfl>&jJ : 0 . 0 6 P a, 
Vcd: 1 0 0 V, 
15 I CP;V7— : 1 kW, 
mmMS. : 4 0 O'C 

cia^bfco .^b-r^ , ;3>atRi 1 (y— * • kw 

>f^l 9, 2 0) (Cgffi^3nm~5nmCD^t:x 
*^>*"Lfc. ±SffllMMffl*H\ 15 0'C~9 

20 0 0*C, ffl.*b<tt3 0 0*C~4 0 0"CCR£S;h.S. 
[0 0 6 2] ^©tt&C, ±I3^> U 3 1 1 ftSKb 

±ntz$mm2 i*««b&. -©^m^mi, -t^ 

bT, 

25 -X^^'J : T;i/3*> ; 1 0 0 s c cm, 

* U >y#HM,©£7J : 0 . 4 7 P a, 
: 1 kW, 
»SiaK: 1 5 0"C 

fcl&Sgbfc. -&©*£*, 1 u-c*-* 3 

30 0 nmOl^CMbfe. 

[0 0 6 3] «©&maM©*UO«i:bTRTAftfT 

i©^*©**^';"*^ KiB±c4 9ie 

35 .(Waafflia : ; 5 d m 1 /m i n, 

fsaf®sms : 6 5 o°c, 
mxmmm : 3 o s 

JciS^bfco 

[0 0 6 4] »&(CT>«=7MUcC:a9tbT7l«SJK«: 

40 ^*>m*m$imiz®iik\,tzo 

[0 0 65] 2bfcm2$m<DjmmtLXRTA*ft 

l\ U •tJ-'f KS 2 2 ~ 2 4 T-fe > ^ U If'f HJB 
*SB£fls3*fc. t"*t)*.C5 4i^a<b$-B-fc. ^©fl 
«tSlfe{W> -«i:bT, 
45 ; 5dm' /min> 

fstioaias : 8 o o *c, 

HUOSI^M :30s 
{clS^bfco 

[0 0 6 6] 61»©XB Cs5l30 1 © (3 ) T?BWJ bfc 
50 WP»©xgD tt» ±BNHHfl0^ffiTttilSb&©2:Pm 
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[0 0 6 7] ±f3Jg4fgJ8M©J:?fc: v V7hx^ 

[0 0 6 8] ±fB#SUBB^T?SiWbfc^U1f'f Kif© 

it&»£-i:;&<£;£b&S<'y-9--f KJl©fl£fi£#|g*iS 0 
-f Wtm&Rifite < & >3 , U KJf©WfSM4#|ql 

£^±©2*g»)©ggS#$g£bt:<v>o t-Jfet)*., 

[0 0 6 9] *fc±raftlBbfc#|||fi^«Ttt % >>'J 3 
>&tfc fc^MK <z> JH9 K JBJft 3 Jit s g *?5KfbBI£ 

©*^SRp*aS^bT^';n>>f^>saAU CCD 
U 3 W > £ «fc ^ T V> fc»9> 5 inter-mixing^#®g|J 

te- bTx #iaatcDSffiaMbisftsn-rs£fi#«: 

fcBU 0. 4 S/zmdCD^JV^MfciJltS^VS/U-^ 
[0 0 7 0] £££±IB&|l£86Jl$!!gT-tt, §#5®fbBI£ 
^iSBx E C R (Electron Cycrotron Resonance) S*jc 

v y vmw&m v fc^ ^ ^> y t «t o t±ib^^ * * 


-f b\ ny-t;i/ h > ij KU^MD U K i: bT, 9 
y&JU (Ta) „ & (Au) , *z>Vt?k (Pd) „ ^ 
vtrjv (Ni) N * yy^y (W) , *"J7 , 7 ; > (M 
o) , G£ (Pt) , ^;i/n^A (Zr) , >»\7^>> 
05 A (Hf) ^©£JS£/U1M' KSr^fig-rsSSCfe, 

T-?So ^©^tctt, **v?ti©£g*>'j-tf--f K&Bfi£ 
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